INTRODUCTION
Readmission of breastfed infants in the first 2 weeks of life following early hospital discharge ( <48 hours) is reported to be on the rise. 1 ± 5 The indications for readmission are primarily hyperbilirubinemia and/or excessive weight loss and dehydration. Both conditions are associated with inadequate intake, although underlying variables are diverse and frequently complex.
Observations, to date, have suggested that prematurity and shortened hospital stay are significant risk factors for readmission. 1, 3 Establishment of lactation is a process that occurs over the first week of life, but is virtually never established by the time of discharge on the second day of life. This is the usual day of discharge for term and near-term healthy infants who experienced no complications during pregnancy, labor, delivery, or the early neonatal course. Rehospitalization has been shown to be less frequent in infants delivered by Cesarean section and those who otherwise stay 3 days or longer. 3, 4 These observations suggest that rest, lactation instruction, and/or other support provided during the third hospital day may be beneficial in preventing problems associated with initiation of lactation and successful breastfeeding.
The American Academy of Pediatrics (AAP) has developed specific criteria for discharge of term and near-term infants. 6 These recommendations include evaluation of the infant within 2 days of hospital discharge by experienced health care providers. Although extensive data are not available, it is unlikely that all or even most infants with early discharge are being evaluated within 48 hours. Maisels and Kring 7 found that only 62% of infants was scheduled for follow-up visits within 3 days of discharge from a large community hospital in spite of an intensive educational program that improved the scheduled rate from 22% 2 years previously. Therefore, evaluation of infants being readmitted and identifying factors leading to their readmission would be highly desirable in order to define this at-risk population and allow healthcare providers an opportunity to focus intervention strategies for these patients.
The purpose of the present study was to characterize the indications for and condition of these infants at readmission, and
OBJECTIVE:
Readmission of breastfeeding infants for hyperbilirubinemia and / or dehydration has been increasing in recent years. The purpose of the current study was to characterize the indications for and condition of these infants at readmission, and to determine factors present prior to initial hospital discharge which might have identified them to be at risk.
STUDY DESIGN:
The records of 125 breastfeeding infants who were admitted to Children's Mercy Hospital from 1995 to 1997 in the first 2 weeks of life with diagnoses of hyperbilirubinemia, dehydration, or feeding problems were reviewed. Infants with hemolytic disease, infection, or other underlying causes were excluded. At readmission, 80 infants had total bilirubin levels > 342 mol / l ( 20 mg / dl ) and gestational age !38 weeks or total bilirubin levels > 308 mol / l ( 18 mg / dl ) and gestational age < 38 weeks. Forty -nine infants had a weight loss !12% from birth weight or a serum sodium concentration !145 mmol / l. Twenty -six infants had both hyperbilirubinemia and excessive weight loss or hypernatremia.
RESULTS:
The mean gestational age of all infants was 38.6 weeks, 95% CI, 38.3 to 38.9 weeks. Mean length of initial hospital stay was 1.8 days ( SD 1.03 ) for vaginally delivered infants compared with 3.4 days ( SD 2.1 ) for those delivered by C -section ( p = 0.003 ) . The Cesarean birth rate ( 9% ) was disproportionally low in infants readmitted compared with overall Csection rate in Kansas City, MO ( 17% ) ( p = 0.03 ) . There was a significantly lower rate of readmission for infants whose initial hospital stay was !3 days ( p = < 0.002 ) , but not for infants whose initial stay was !2 days ( p = 0.1 ) . Infants admitted for hyperbilirubinemia only were at 38.3 1.6 weeks gestation compared with infants admitted for excessive weight loss or hypernatremia, 39. 
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to determine whether factors present during initial hospitalization could be identified which would place them in an at-risk category. (13) . Infants with fever only ( <1018F) were not excluded unless a diagnosis of infection was made by the attending physicians. The population reviewed then included only those 125 breastfed infants who had no other underlying causes of jaundice, weight loss, dehydration, or feeding problems. All had been discharged home following initial birth hospitalization and were considered to be well infants. Results were dichotomized by indication for readmission: (1) hyperbilirubinemia (total bilirubin >342 mol/l (20 mg/dl) and GA!38 weeks or total bilirubin >308 mol/l (18 mg/dl) and GA<38 weeks), and (2) excessive weight loss or hypernatremia (EWL/HN) (weight loss !12% of BW or serum sodium concentration !145 mol/l). Comparisons of data between these two groups were performed in two ways. One included infants with both hyperbilirubinemia or EWL/HN and the second excluded infants with both conditions. Statistical comparisons were done using t-tests for continuous variables and -squared tests for categorical variables. All tests were two-sided using an -level of 0.05. Logistic regression analysis employing hyperbilirubinemia and EWL/HN as dependent variables and maternal age, gravida, para, length of stay at birth hospital, type of delivery, birth weight, and gestational age as independent variables was performed.
METHODS

Medical
RESULTS
One hundred twenty-five infants who met the diagnostic categories for record review following exclusions were admitted during the 3-year period (Table 1) . Eighty infants met the defined criteria for hyperbilirubinemia and 49 for EWL/HN. Twenty-six infants had both conditions. Fifty-four had hyperbilirubinemia without EWL/HN and 23 had EWL/HN without hyperbilirubinemia. Statistical comparisons are presented only among the 77 infants with a single condition rather than the total group to more clearly characterize differences between infants with hyperbilirubinemia from those with EWL/HN. However, comparisons made between the total number of infants with both conditions were not significantly different from those among infants with a single condition.
Maternal data are shown in Table 2 . The mean maternal age was approximately 25 years (SD 6) and not different between groups. Maternal gravida, para, and length of stay were likewise not different between groups.
The C-section rate was 9% for all patients, which was significantly lower than the 17% rate for Kansas City, MO, during the study ( p=0.03). There was a significant difference in length of stay for infants delivered vaginally (mean 1.8 days, SD 1.03) compared with those delivered by C-section (mean 3.4 days, SD 2.1), p=0.003, 95% CI for difference of À2.6 to À0.6 days. There was a significantly lower proportion of readmission for infants whose initial hospital stay was !3 days compared with those <3 days (10/42 vs. 73/83 ), p=0.002. However, the proportion of infants readmitted with initial hospital stays 2 days (48 hours) compared with those whose stay was >2 days was not significantly different ( p=0.1). Table 3 lists infant characteristics. The mean gestational age of the total population was 38.6 weeks (95% CI, 38.3 to 38.9 weeks); that of the infants with hyperbilirubinemia alone was 1 week less than that of the EWL/HN infants (38.3 vs. 39.2 weeks, p=0.06; Figure 1 ). The mean birth weights of the two groups did not reach a significant difference, although the infants with hyperbilirubinemia alone had a mean birth weight approximately 200 gm less than the EWL/HN infants. Infants with hyperbilirubinemia were readmitted at a mean of 5.4 days and those with EWL/HN at 4.4 days ( p=0.05; Figure 2 ). The Infant laboratory data at readmission are depicted in Table 4 . The mean initial total bilirubin of the infants with hyperbilirubinemia alone was 390 mol/l (22.8 mg/dl) and was 234 mol/l (13.7 mg/dl) in the EWL/HN infants (p=0.001). The initial Hgb, Hct and WBC were not different between groups, although the reticulocyte count was significantly higher in the infants with EWL/ HN. The number of cultures performed in the EWL/HN infant group was greater than the hyperbilirubinemia group, reflecting an increased concern for sepsis among those infants. Table 5 reveals that the number of bilirubin determinations among the infants with hyperbilirubinemia alone was greater than in the EWL/HN infants, whereas the number of electrolyte determinations among the latter group was greater than that of infants with hyperbilirubinemia, as expected. Phototherapy was employed for a longer period in the infants with hyperbilirubinemia, although length of intravenous fluid administration was not different between groups. Four infants with hyperbilirubinemia underwent exchange transfusions for bilirubin levels >428 mol/l (25 mg/dl). Sixty-two of the 80 infants admitted for hyperbilirubinemia, including the four who underwent exchange transfusions, had auditory brainstem-evoked response tests. Sixty infants initially passed in both ears, one infant failed in one ear only, and one infant failed in both ears but passed upon reevaluation. Total hospital charges were not different between groups; however, there was a trend for increasing costs among the jaundiced infants, reflecting an increased number of tests performed. Hall et al.
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Logistic regression analysis employing hyperbilirubinemia and EWL/HN as dependent variables revealed no significant relationship between maternal age, gravida, para, length of stay at birth hospital, type of delivery, birth weight, or gestational age between these two groups. Twenty-two infants who were admitted failed to meet the defined criteria for either hyperbilirubinemia or EWL/HN and had lesser degrees of both. These infants had a mean gestational age of 38.5 weeks (SD 1.7) with a range from 35 to 40 weeks. The mean total bilirubin at admission was 262 mol/l (15.3 mg/dl), mean weight loss from birth 5.4%, and mean serum sodium concentration 138 mmol/l. The mean maternal age (22 years, SD 4), gravida (1.5, SD 0.8) and para (1.3, SD 0.7) were not different from the total population. Review of these records indicated that decision for readmission was based upon clinical judgment with considerations of parent reliability and resources, physician choice, and support available for outpatient management.
DISCUSSION
The purpose of this investigation was to identify the causes for readmission of breastfed infants and to determine whether factors could be identified prior to initial hospital discharge, which would indicate appropriate intervention strategies that could be employed to prevent readmission. Clearly, prematurity was a significant risk factor in these breastfeeding infants leading to readmission. These observations are consistent with others who have identified prematurity as a significant risk factor for hyperbilirubinemia and/or dehydration.
1,3,5
Our infants admitted for hyperbilirubinemia had a tendency to be lower in gestational age and birth weight than infants with EWL/HN, suggesting that prematurity is a greater risk factor for hyperbilirubinemia.
Early hospital discharge <48 hours was a common finding in our population and may also represent a risk factor for readmission, especially in the population <38 weeks gestational age. However, since there was no control population with a greater length of stay, other than those born by C-section, it is not possible to conclude that shortened hospital stays were a causative factor as opposed to an associated factor for readmission. However, it is interesting that the percentage of infants delivered by C-section was disproportionately underrepresented in the infants who were readmitted, suggesting that longer hospital stays of these patients may reduce the risk for readmission. It is difficult to postulate any factor associated with Cesarean birth, except for a possible lower hematocrit, that would decrease the risk of readmission other than an opportunity for increased maternal rest, teaching, and enhanced lactation during the third hospital day. The mean Hgb of infants delivered vaginally was, in fact, nearly identical to those delivered by C-section (17.42.1 vs. 16 .9122 mg/dl, p=0.56). Infant length of stay <3 days was significantly associated with risk for readmission rather than length of stay <2 days. Maisels and Kring 3 and Soskolne et al. 5 also observed that vaginal delivery was a risk factor for readmission, and also observed that the increased length of stay >72 hours was the underlying variable responsible for a lower readmission rate of these infants.
The results of our observations support the AAP recommendations concerning early hospital discharge and suggest that the third and fourth days of life are critical for assessment of breastfeeding and therapeutic intervention. It is not clear if these measures must be done in the hospital or if there should be prolonged hospitalization beyond 48 hours. However, it may be both costeffective and efficient to prolong hospitalization in selected patients, particularly those born prematurely, given the high cost of readmission observed in this study. Soskolne et al. 5 concluded that all preterm or low-birth-weight infants should not be discharged before 72 hours. Observations and instruction on the third and fourth day of life may avoid complications leading to readmission. Ideally, more precise identification of the patient at risk for complications that lead to readmission could be performed prior to initial discharge. This could lead to a focused intervention on the selected high-risk population. A prospective study is currently in process to identify these infants.
Recent data suggest that the readmission rate for breastfeeding problems is approximately 0.3% to 2% of term or near-term infants. 2 ± 4,9,10 If it is assumed that the average cost of hospitalization observed in our patients is representative in the USA and that approximately 50% of 4,000,000 near-term, live-born infants are breastfeeding at discharge, the range of costs for readmission is US$36 to US$240 million per year. These costs may offset expenses incurred by inpatient or outpatient intervention strategies necessary to prevent readmission. Our observations indicate that successful breastfeeding can be established in this population with proper instruction and support. Only one infant was readmitted following discharge from the Children's Hospital even though 96% were breastfeeding.
Several assessment tools to evaluate lactation have been developed. 11 ± 13 and, in fact, were variably employed in our population. However, no evaluation of these tools was performed in this population because of inconsistent use and inadequate documentation. We were not able to identify factors other than prematurity and vaginal delivery, which may be a surrogate for short hospital stay, that characterized the population at risk.
Additional factors previously reported to be associated with evaluation of breastfeeding may be helpful.
± 13
Among these may be bilirubin determination obtained prior to hospital discharge. Bhutani et al. 14 have recently reported that correlation of bilirubin with age at determination may be a predictive risk factor for subsequent hyperbilirubinemia. Chan et al. 15 have reported that assessment of bilirubin production by measurement of end tidal carbon monoxide production and total serum bilirubin at 48 hours yielded a sensitivity of 100% and specificity of 70% in predicting subsequent bilirubin levels >95th percentile.
It should be emphasized that not all infants at risk for readmission present with hyperbilirubinemia. A somewhat surprising 18% had hypernatremia and weight loss without hyperbilirubinemia and an additional 21% had hypernatremia and weight loss with hyperbilirubinemia. Cooper et al. 16 have recently reported an increase in the frequency and severity of advanced breastfeeding malnutrition and hypernatremia. These authors point out the elusive nature of these infants who are usually the product of an uncomplicated If breastfed infants, primarily preterm infants plus those who are identified with feeding problems, are targeted for intervention on the third and fourth days of life, it is conceivable that this population at risk can receive assistance that will avoid costly readmission and trauma to the infant and family.
